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Abstract # 170251

The U.S. National Institute of Standards and Technology (NIST) has recently participated in an assessment of the Precision ID Globalfiler early access Mixture ID Panel (v1.0), which consists of
primers for amplification of over 100 forensically relevant loci in the human genome. Markers included in the panel can be divided into four classes: short tandem repeats (STR) (29 autosomal
STRs and 1Y STR), single nucleotide polymorphisms (SNPs) (42 autosomal [1, 2] and 2 Y chromosome), insertion/deletion polymorphisms (Indels) (Amelogenin and Y Indel rs2032678), and
microhaplotype blocks (MH) (36 clusters of 2 to 4 SNPs [3]). Several challenging sample types were sequenced and analyzed, including: artificially degraded DNA, multiple-contributor mixtures,
mixtures of related individuals, and low DNA input samples. Performance characteristics (e.g. allele coverage ratio, interlocus balance, stutter, drop in/out, benefits and challenges of sequencing
versus fragment size analysis) of the Mixture ID Panel relative to state-of-the-art capillary electrophoresis (CE) methods will be presented. Additionally, capabilities of the accompanying Converge
v2.0 (beta release) analysis software will be discussed.

Specific Aim: Assess performance of the Precision ID Globalfiler Mixture ID Panel performance relative to state-of-the-art capillary electrophoresis, where possible.

STR Markers SNP Markers

INTRODUCTION: Compatible with traditional CE technology and INTRODUCTION: Single nucleotide polymorphisms have been in use in
databases, STR markers are well characterized for their allele forensics for some time in the context of identity matching as well as
frequencies in large population sets, have established interpretation ancestry and phenotype prediction. The adoption of sequencing
methodology, and known stutter artifact characteristics. Here we technologies is enabling SNP multiplex assays which rival the
examine sequencing technology’s benefit to mixture deconvolution by discrimination power of STR systems. These markers lack stutter
virtue of the additional information contained in the sequence of an allele artifacts and perform well with degraded DNA due to their smaller
beyond what CE length-based methods provide. amplicon size.

Microhaplotype Markers

INTRODUCTION: A novel marker type Iin the forensic setting,
microhaplotypes (MH) are blocks of two, three, or four SNPs found Iin a
single stretch of less than 200 bp of DNA. They are found on all human
chromosomes, are multi-allelic within and between populations, and are
useful for individual identification and ancestry prediction. These markers
lack the stutter artifact of STRs, however, they also lack the allelic diversity
of STR marker systems.

Four simulated mixture evidence samples and scenarios generated for METHODS: METHODS: | | |
STR evaluation: - DNA mixtures of two, three, four, five, and eight contributors at varied ratios prepared * DNA sheared using Covaris S2 sonicator
. Mixl . T _ ¢ q ded DNA and d ded DNA « Examined with Mixture ID panel on lon Torrent S5xI| « Sheared DNA fractionated using Blue Pippin instrument
Mix1 - 1Wo person mixture o non-degraded L and degracded : . Data analyzed with Converge 2.0 « Fractions contain < 100 bp, < 200 bp, or < 300 bp DNA fragments
“Environmentally degraded evidence at a crime scene contaminated « Manually deconvoluted some MH loci with no allelic overlap for mixtures 1-4 at left * DNA quantity estimated by Quantifiler Trio
by a crime scene investigator.” « 1 ng total DNA input to Mixture ID on lon Torrent S5x|
- Mix2 - Two person mixture. “Swab of bite mark on neck; good RESULTS: o | ' gat%a”a'ys'ts o Cogvg.rlgt.e 2'(ORMP) culated
samaritan attacked at bus stop bv irrational individual threatenina a « Microhaplotypes generally predict minimum # of contributors (see Table 5) * Random match probabllities Were caiculale
, PbY J « Mostly accurate for 2, 3, and 4 component mixtures; occasional artifacts * Mixture ID SNPs, Mixture ID STRs, GlobalFiler STRs
young woman. . Higher numbers of contributors and family trios were underestimated  Only STRs present in both Mixture ID and GlobalFiler kits used for calculations

* Mix3 - Three person mixture. “Vaginal swab with suspect, victim, and .
unknown contributor.”

Deconvolved microhaplotype data matches STR ratio estimates (see Table 4)
RESULTS (SNPs):

- Mix4 - Four person mixture. “DNA swab of handgun found in vehicle, DISCUSSION: ’ Pa”ga'Sergﬁ'e f‘:r <ﬁ08 Sp frtaC_“O” -
ot ” « Practical upper limit of contributor estimate using current microhaplotype content * S NOt Called due 1o Insunicient coverage
weapon matched by ballistics to murder scene. « Four contributors maximum « 3 SNPs flagged for strand imbalance, but genotype call was made
METHODS: « Microhaplotypes can be used for additional deconvolution functionality » Fulland accurate profiles generated for <200 bp and <300 bp fractions
. 1ng total DNA input to Mixture ID and Globalfiler kits « At least three markers should be used to indicate the presence of a mixture * Discordant allele calls noted in <100 bp fraction
. Mixture ID run on lon Torrent S5xl. Globalfiler run on ABI 3500xl « Occasional artifacts could cause misclassification (likely early software issue) * Allelic dropout (n = 4) where a heterozygote was called homozygous

o * Incorrect genotype (n = 1) supported by 78 reads, no warning flags
- Data analysis with Converge 2.0 (lon Torrent) or GeneMapper (CE) genotype (n = 1) supp y g rlag

* Mixture Analysis with EuroForMix [4], fully continuous model, runs in “R”

« Comparison of Likelihood Ratio (LR) and deconvolved mixture component ratios
LR = Likelihood|Hp/Likelihood|Hd
« Sequence-based (NGS) or size based (CE) allele frequencies were used [5]

Figure 2: Converge 2.0 output showing microhaplotype data for a three DISCUSSION:
person mixture. Some alleles are shared between samples. Therefore, . SNP markers performed well with highly degraded DNA

not all markers indicate that this is a three-person mixture. . Outperforms STRs (by RMP) with extremely degraded DNA < 100 bp
Full and accurate profiles from < 200 bp, < 300 bp template

Locus «  Allele count + | Min contributors v | BV i

~ | Genotype

* STRmarkers present in both kits (n = 20) used for calculations & comparison » mh13KK217 AGCG, TGCG, AACG, AATG, AGCA 5 3 @ * Mixture ID STRs rivaled or outperformed SNPs with moderately degraded DNA
RESULTS: »  mh11KK-180 ACTC, GCCG, GCTC, AATC, ACCC 5 3 @ « STR amplicons redesigned for sequencing; smaller, no need for size separation
) : : . . »  mh21KK-320 GGCG, GATA, GACA, AACG, AACA 5 E @ « Higher discrimination power using sequence based alleles
* Isoalleles for up to five loci were observed in all mixtures (see Table 1) T TRE ARG, GGG, COMA CAMA CANG. TARA ; . .
» Isoalleles = alleles indistinguishable by size, but resolved by sequencing y  mh13KK218 TCTT. CTTT, CTTC, TTCT. TTCC, CTCT 6 . @
« Calculated LR were greater for Mixture ID STRs y mhOSKK-062 AC,AATA 3 . —
« Exception: Mix1, Globalfiler detected three additional markers of degraded »  mh15KK-104 TAA, TCG, CAG 3 2 @
component »  mh01KK106 TAGS, CGAB, GAGA CAGG 4 2 @ Table 6: Random match probabilities for Mixture ID panel SNPs,
[ mh15KK-067 GC,GT,TT,TC 4 2 4 . . .
DISCUSSION: e e \ . o GlobalFiler STRs, and MixturelD panel STRs. No Mixture ID panel STRs

produced useful signal with the most highly degraded DNA sample.

- 3 C 5 0 outout showi hical depict FNGS read Shortening of the Mixture ID STRs’' amplicon size for lon Torrent
'gure . Lonverge .U OUiptt sShowing graphical depiction ot Nt feads sequencing allows improved performance over CE with degraded DNA.
for 20 (of 36) microhaplotype loci for the three person mixture in Figure 2.
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 Theincrease in LR for NGS data (versus CE) was primarily due to:
« More allelic diversity in mixture data
« More allelic unigueness in frequency table

« Mixture deconvolution yields similar estimates of component ratios
 CE and NGS methods perform similarly overall
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: =¥ Table 4. Mixture component ratios for microhaplotype markers compared > | s | S o o o o o o
with STR markers. Estimates are similar for both marker types. The sSNPlocus | S | & | 8 S S S S S S
microhaplotype data did not detect the degraded component in Mix 1. 52292972 S CcT AMEL X XY
rs964681 CTT
Mixture ID on lon Torrent S5 Mixture ID on S5 rs251934 GG CSF1PO - -
: : : Mixture Component Mixture Proportion Mixture Proportion rS9905977 <N D1051248 - -
Table 1: Isoalleles detected in mixtures by sequencing. i 876724 ot D12S391 2,22 ]
Added # of Alleles Isoallele Detected at STR Locus Component 1 945 0%+ 1.7 U 100 % rs2831700 - GG D13S317 - 11
Mix1 1 D8S1179 . oo : 51335873 A D165539 A ]
Component 2 550%+ 1.7 % Did not detect degraded minor component 221956 - CcT D18S51 - -
i rs6955448 CcC
fos 5 D251338, D25441, D8S1179, D12S391, and D21511 —— 6 06430 0% 837 06+ 38 % 5955440 - cT D1S1656 1314 1314
Mix4 4 D251338, D35S1358, D125391, and D21S11 Component 2 20 5 0 +3.0 0% 16.3 % + 16 0% 1979058 - D21S11 ey ey
Mix 3 rs1058083 - AG D2251045 ] 16,16
Table 2: Likelihood ratios (Log,,) calculated for each of the four — 515 06+ 6.1 06 51306 2 2.0 0% 2560681 = D2S1338 0 [
mixtures analyzed with either the Mixture ID panel on the lon Torrent < 792008 'S D25441 11 115
: _ Component 2 31.2% +1.6% 331 % +2.1% D3S1358 - -
S5 or Globalfiler kit on the ABI 3500 xI. Twenty STR markers present Component 3 7 206+ 4.8 0% 67064210 rs2111980 - cc DESals TR LT
in both the Mixture ID panel and Globalfiler kit were used for e e = 575820 R T
calolton. A 5 greter for Mirure 1D dee exoeptin MAL o asuson ponsssn e ORI ——————
I ITl
u ) Component 2 57.3% +2.8% 53.8% + 3.4 % rs17842518 - DYS391 - -
degraded component. In all other mixtures, equal numbers of alleles FGA 20 ]
: . : Component 3 122% +1.3% 8.2% +3.0% rs1454361 S TT T
were detected, with the exception of isoalleles. : : . i r$10488710 cc [HEEH SE33 :
e | Component 4 92% +2.6% 50% +1.4% 15987640 1T THO1 - -
Mixture ID on lon Torrent S5 GlobalFiler on ABI13500x . . : : 1493232
Likelihood Ratio (Log10) Likelihood Ratio (Log10) Table 5: Predicted minimum number of contributors by microhaplotype :29951171 = \T(:j]azl - =
Mix1 463 17.15 markers in the Mixture ID panel for 21 DNA mixtures designed to test the rs13218440 HEEN YWA I "
Mix2 23.96 2181 capabilities of the panel. 21028575 i = D19ATAB3 ETYTH
rs
Mix3 29 16 19.40 ‘Components | Microhaplotype Prediction Description (51360288 cc D14S1434 13,14
Mixd 100 64 67 22 in Mixture (n) (Mln!mum # rs719366 AG D1S1677 -
Contributors) rs3780962 - AG D2S1776 -
2 2 1:1 ratio, one degraded 200 bp rs737681 en D3S4529
: : _ 10773760
Table 3: Mixture component ratios calculated for each of the four 2 2% 1:1 ratio ' anam = D4S2408 ]
mixtures analyzed with either the Mixture ID panel on the lon Torrent 2 1 1:1 ratio, one degraded 300 bp 51109037 AG D5S2800 1418
S5 or Globalfiler kit on the ABI 3500 xI. Both platforms yielded similar 2 2 1:1 ratio 717302 = D651043
. . . rs
estimates of mixture ratios. 2 2 25:1 ratio, 10 ng DNA input e ec | liadk
ey
_ Mixture ID on lon Torrent S5 Globalfiler on ABI3500xI 2 2 50:1 ratio, 10 ng DNA input :223‘1122?6 _ee ” A'A'\ﬁ'els Zete‘:ted
. . . . . > ) . . - - ele dropout
Mixture Component Mixture Proortlon Mixture Proportion 2 2 25:1 ratio, 1 ng DNA input ‘51015250 cc e Locus dropout
Mix1 2 2 1:1 ratio rs1413212 Incorrect result
Component 1 MU45%+1.7% R24%+1.4% 2 2 4:1 ratio
0) 0 0 0] * c i . . .
Component 2 55%+1.7% (7%+14% 2 2 9:1 ratio Flgure 5- Caplllary electrophore3|s
Mix2 3 2 1:1:1 ratio, family trio t
races of degraded DNA samples run . N
Component 1 77.5% + 3.0 % 81.7% + 1.6 % 3 2 6:3:1 ratio, family trio with GlobalFiler on AB| 3500x] E“”d'”g- The FBI Biometrics Center of
) xcellence (BCOE): Forensic DNA Typing as a
Component 2 22.5% £ 3.0% 18.3% + 1.6 % 3 3 1:1:1 ratio e Biometric tool and NIST Special Programs
: . : 100 bp Office: Forensic DNA.
Mix 3 3 3 6:3:1 ratio
- : : Disclaimer: Points of view in this document are
Component 1 61.5% £6.1% 59.8 % £6.0% 3 3 7:2:1ratio ! those of the authors and do not necessarily
Component 2 31.2% 1.6 % 31.2% +£1.9% 4 3* 1:1:1:1 ratio S ‘ represent the official position or policies of the
% P : U.S. Department of Commerce. Certain
Component 3 73%+4.8% 9.1% + 4.4 % 4 3 3:3:2:2 ratio 200 bp commercial  equipment,  instruments,  and
Mix4 4 6:2:1:1 ratio l i materials are identified in order to specify
i : i - experimental procedures as completely as
Component 1 21.3% 2.6 % 207% +£2.2% 5 6:5:3:2:1 ratio, family trio plus two unrelated individuals ‘ mhl “ i ] I pégsiéle_ In ng Caseudoes such idzntiﬁgation
Component 2 57.3% +2.8% 55.8% +2.7% 5 6:1:3:3:6 ratio 300 bp imply a recommendation or endorsement by
0 o o o 55 . : NIST, nor does it imply that any of the materials,
Component 3 122% +1.3 % 129% +1.2 % 8 3 3:1:1:1:1:1:1:1 ratio : instruments, or equipment identified are
Component 4 9.2% +2.6 % 10.5% +2.5% * A single additional marker plus the number listed supports an additional contributor L_“LJL ; necessarily the best available for the purpose.

Overall conclusions:

 Improved performance was noted with Mixture ID STR markers when log likelihood ratios were compared with CE based calculations.
* Mixture ratio estimates using STR data were similar between CE based measurements and lon Torrent sequencing.
Improvements in Mixture ID STR performance noted with degraded DNA due to relaxed constraints on STR amplicon size.
 Microhaplotypes added functionality in estimating number of contributors in a mixture, with some limitations in multi-contributor samples. These markers accurately represented contributor ratios compared with STRs when deconvolving mixtures.
SNPs offer potential utility for samples with extremely degraded DNA.

Converge software functioned well as an integrated data analysis platform. However, third party software was required to deconvolute STR mixture data.

A copy of this presentation is available at:
http://strbase.nist.qov/NISTpub.htm#Presentations
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